Bell JW, Chen D, Bahls M, Newcomer SC. Evidence for greater burden of peripheral arterial disease in lower extremity arteries of spinal cord-injured individuals. Am J Physiol Heart Circ Physiol 301: H766-H772, 2011. First published July 8, 2011; doi:10.1152/ajpheart.00507.2011.-Spinal cord injury leads to increased risk for cardiovascular disease and results in greater risk of death. Subclinical markers of atherosclerosis have been reported in carotid arteries of spinal cord-injured individuals (SCI), but the development of lower extremity peripheral arterial disease (PAD) has not been investigated in this population. The purpose of this study was to determine the effect of spinal cord injury on ankle-brachial index (ABI) and intima-media thickness (IMT) of upper-body and lower-extremity arteries. We hypothesized that the aforementioned measures of lower-extremity PAD would be worsened in SCI compared with controls and that regular participation in endurance exercise would improve these in both groups. To test these hypotheses, ABI and IMT were determined in 105 SCI and compared with 156 able-bodied controls with groups further subdivided into physically active and sedentary. ABIs were significantly lower in SCI versus controls (0.96 Ϯ 0.12 vs. 1.06 Ϯ 0.07, P Ͻ 0.001), indicating a greater burden of lower-extremity PAD. Upper-body IMTs were similar for brachial and carotid arteries in controls versus SCI. Lower extremity IMTs revealed similar thicknesses for both superficial femoral and popliteal arteries, but when normalized for artery diameter, individuals with SCI had greater IMT than controls in the superficial femoral (0.094 Ϯ 0.03 vs. 0.073 Ϯ 0.02 mm/mm lumen diameter, P Ͻ 0.01) and popliteal (0.117 Ϯ 0.04 vs. 0.091 Ϯ 0.02 mm/mm lumen diameter, P Ͻ 0.01) arteries. The ABI and normalized IMT of SCI compared with controls indicate that subclinical measures of lower-extremity PAD are worsened in individuals with SCI. These findings should prompt physicians to consider using the ABI as a screening method to detect lower-extremity PAD in SCI. atherosclerosis; exercise CARDIOVASCULAR DISEASE (CVD) contributes to more than 40% of deaths in spinal cord-injured individuals (SCI) (9). Interestingly, the mortality risk from CVD is 5-10% greater in SCI compared with age-and risk factor-matched able-bodied individuals (22). Specifically, it has been demonstrated that spinal cord injury leads to greater coronary artery calcification (24) and T-wave abnormalities (33), but evidence is equivocal regarding the development of subclinical atherosclerotic markers of carotid artery (CA) intima-media thickening and arterial stiffness (14, 18). The potential mechanisms for atherosclerosis in SCI include disorders of carbohydrate metabolism (1), dyslipidemia (1, 28), lower-extremity physical inactivity, and the resultant loss of lean body tissue (21), reduced daily energy expenditure (5), and greater prevalence of type 2 diabetes (2). Furthermore, especially in the lower extremities, altered hemodynamics reported post-spinal cord injury may place additional risk of arterial wall endothelial dysfunction leading to subclinical atherosclerosis (13, 35). Indeed, for SCI compared with able-bodied controls, reduced vascular function has been reported in the posterior tibialis of the legs but not in the radial artery of the arms, and this decline worsens with greater duration postinjury (31, 32). Others have reported that vascular function is not altered in the superficial femoral artery (SFA) of SCI, and, therefore, it remains unclear whether arterial function declines in other arteries of the lower extremities. (38) The reported CVD rates in SCI, however, may underestimate the prevalence of this disease because of the fact that the epidemiological and experimental studies describing the incidence of atherosclerotic CVD in SCI have focused on the coronary circulation. It is currently not known whether these risks may also contribute to a greater prevalence of peripheral arterial disease (PAD) in SCI. Evidence for increased PAD after spinal cord injury may also be derived from amputation data, indicating that the cause of tissue death was attributed to atherosclerotic plaques in 40% of amputation cases (11).
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It is well known that exercise exerts its antiatherogenic effects through modifications of traditional risk factors, but other factors such as hemodynamics during exercise may also play a role (17, 19) . Exercise has been shown to increase blood flow and shear rates by 20-fold or more in the legs during lower-body exercise (26) , but the necessary threshold of these forces in creating antiatherosclerotic environments is not known. Interestingly, upper-body exercise has been shown to increase blood flow in the legs of both able-bodied and SCI but to less of an extent as possible for leg exercise (34, 37) . In addition, upper-body exercise improves symptoms of PAD in able-bodied individuals, but it is unclear whether upper-body exercise may benefit the lower-extremity vasculatures of SCI. Therefore, the purpose of this investigation was to investigate the prevalence of PAD in SCI using the ankle-brachial index (ABI) and intima-media thickness (IMT), measured via ultrasonography. We hypothesized that the incidence of lower-body PAD as determined by ABI and IMT would be greater in SCI compared with able-bodied controls because of higher incidence of traditional CVD risk factors, reduced physical activity, and lower daily peak shear stress in the quiescent lower extremities of SCI. A second aim for this study was to determine whether chronic upper-body physical activity in SCI would reduce the prevalence of this disease compared with their sedentary counterparts. We hypothesized that physical activity would confer a benefit to the arteries in the legs of SCI.
METHODS
Subjects. Studies were performed on 105 SCI and 156 controls. Subject characteristics are reported in Table 1 . A medical history questionnaire including items regarding traditional cardiovascular risk factors was completed: this included asking subjects to report regular use of medications, cholesterol, smoking behavior, and history of hypertension. Medication usage is reported in Table 2 . Furthermore, participants were asked questions about their physical activity habits including exercise type, minutes per day, days per week, and weeks per year: these questions were used to determine physical activity status and further subdivided the groups into active SCI (SCI-A, n ϭ 55), sedentary SCI (SCI-S, n ϭ 50), active controls (ABC-A, n ϭ 71), and sedentary controls (ABC-S, n ϭ 85). Active groups met or exceeded 150 min/wk of moderate-intensity exercise recommended by the American College of Sports Medicine/American Heart Association. (12) The spinal cord injury group consisted of individuals with paraplegia (n ϭ 74) or tetraplegia (n ϭ 31) who were at least 5 years postinjury. Only American Spinal Injury Association Impairment Scale grades A, B, or C were included in the study and thus limited to subjects who primarily used wheelchairs for mobility activities. SCI were recruited from the patient population, served by the Rehabilitation Institute of Chicago and across the midwest and southern United States through recreation and sporting groups. Control subjects were tested from similar geographic areas. Before participation, each subject was verbally informed of potential risks and discomforts associated with the study and signed written, informed consent. The study was approved by Institutional Review Boards of Purdue University and Northwestern University.
Experimental protocol. An individual testing session was completed within the same day. On the day of the study, subjects reported to testing, completed a medical history, and answered questions about their physical activity habits after which they transferred to a padded examination table and rested supine for a minimum of 5 min. An ABI was performed for both sides of the body, followed by vascular imaging via ultrasound on the side with the lowest ABI. The same investigator performed all ABIs and ultrasonography.
Measurements. The ABI is commonly used in clinical and research settings to diagnose and measure severity of lower extremity PAD. The ABI as a screening tool for PAD has been validated in a small spinal cord-injured population without overt CVD risk factors (10) . To obtain an ABI, our subjects were fitted with a limb-appropriate blood pressure cuff (Hokanson SC10/SC12, Bellevue WA). A bidirectional Doppler probe (Hokanson MD6) was placed at a 60°angle to the artery of interest and used to detect systolic pressure during cuff deflation. Systolic pressures were determined in the brachial, anterior tibialis, and posterior tibialis arteries. The ABI was calculated as the ratio of systolic pressures in the ankles to the brachial artery (BA), using the higher ABI from the two tibialis arteries. The higher pressure method has been proposed to most accurately detect clinically relevant PAD in the general population (16) .
The IMT of four arteries was measured via ultrasound (Terason T3000, Burlington MA), using a variable frequency transducer (5-12 MHz). The BA, CA, and SFA were measured with the subject supine, and the popliteal artery (PA) was measured with the subject lying prone. Each artery was measured in the longitudinal plane, using B-mode with a high-frequency setting (25) . Specific anatomical landmarks were used at each site of measurement to ensure that the measurements were consistent between all subjects. The BA was imaged above the antecubital fossa, and the CA images were taken adjacent to the inferior border of the carotid bulb. In the leg, the SFA images were obtained in the subsartorial canal distal to the bifurcation of the common femoral artery, whereas the PA was measured in the popliteal fossa. A 10-s video file was recorded, and the IMT was continuously analyzed during the duration of the video along the most clearly visible region of interest that allowed automated edge-detection software (Medical Imaging Applications LLC Carotid Analyzer 5, Coralville, IA) to easily track the media-adventitia border and the intima-lumen border of the far wall. It is appropriate to compare IMT of differently sized arteries by normalizing per millimeter of internal diameter (23) . Therefore, arterial diameter was determined using a low-frequency setting and automated detection software (Medical Imaging Applications LLC Brachial Analyzer 5), allowing the calculation of IMT normalized per millimeter of lumen diameter. IMT and artery diameter were determined to the nearest hundredth of a millimeter, and IMT normalized to artery diameter was calculated to the nearest thousandth of a millimeter per millimeter of artery lumen diameter. Two separate investigators analyzed all IMT and artery diameter measurements with an average IMT coefficient of variation of 6.68% for absolute IMT and 10.06% for normalized IMT across all four arteries measured. Statistical analysis. Statistics were performed using commercially available programs (SAS versions 9.1 and 9.2, Cary, NC). One-way ANOVA was used with covariates added to the model when indicated to determine group differences between SCI and controls. Covariates were tested for model significance only when they significantly differed between SCI and controls. To determine differences for chronic exercise, a two-level factor for activity was included. Least square means was used post hoc to determine within group differences. To investigate associations between variables, correlations were performed via Pearson product-moment correlation analysis. All data are presented as means Ϯ SD. Statistical significance was established a priori as P Ͻ 0.05.
During analysis of reported traditional cardiovascular risk factors, covariates emerged that were included within each model. BA-IMT and BA-IMT normalized per millimeter of diameter included white racial identity in each model, whereas normalized BA-IMT also included body mass. CA-IMT included the factor of body mass, whereas CA-IMT normalized to artery diameter included black racial identity. Both absolute and normalized SFA-IMT models included the number of relatives reported to have CVD, and the absolute SFA-IMT model also included body mass index. The absolute PA-IMT indicated body mass to be a significant covariate, whereas normalized PA-IMT had no significant model covariates.
RESULTS
Group characteristics. For SCI, the mean duration of injury was 19.3 Ϯ 8.9 yr with a range of 5.0 -41.2 yr. There were no significant differences between groups for age, sex, height, prevalence of diabetes, number of reported relatives with CVD, or average systolic brachial blood pressure (Table 1) . When compared with controls, SCI exhibited greater tobacco smoking behavior, lower body weight, and lower body mass index (Table 1 ). For race, there were significant differences in percentage of Caucasian and African-American subjects by group (Table 3) .
Ankle-brachial index. ABIs (Table 4) were larger in controls versus SCI (1.06 Ϯ 0.07 vs. 0.96 Ϯ 0.12, P Ͻ 0.001). Two control individuals and 29 SCI had ABIs measuring below the clinically accepted diagnostic threshold of 0.90. Additionally, ABI in 0 controls and 10 SCI were below 0.80. When the effects of physical activity in these groups were compared, an analysis revealed a significant interaction between group and physical activity level (P Ͻ 0.01) and a trend (P ϭ 0.06) for physical activity in controls. Post hoc analysis indicated a trend for larger ABI in ABC-A compared with ABC-S (1.08 Ϯ 0.07 vs. 1.05 Ϯ 0.07, P ϭ 0.06), whereas no differences were seen for physical activity in the SCI group ABI (0.94 Ϯ 0.11 vs. 0.97 Ϯ 0.10, P ϭ 0.28). In SCI, ABI had a moderate negative correlation with number of years postinjury (r ϭ 0.40, P Ͻ 0.01). This association remained after controlling for age (r ϭ 0.39, P Ͻ 0.01).
Intima-media thickness. Upper-body artery IMT and diameter measurements are summarized in Table 5 . BA-IMT was similar for control and SCI when expressed as absolute thickness (0.35 Ϯ 0.07 vs. 0.36 Ϯ 0.08 mm, P ϭ 0.76). Interestingly, there was a significant beneficial effect of spinal cord injury in controls versus SCI for normalized BA-IMT (0.079 Ϯ 0.02 vs. 0.077 Ϯ 0.02 mm/mm lumen diameter, P ϭ 0.02). BA diameter was smaller in control compared with SCI (4.47 Ϯ 0.69 vs. 4.79 Ϯ 0.88 mm, P Ͻ 0.01). In the BA, IMT was significantly correlated with diameter in control individuals (r ϭ 0.33, P Ͻ 0.01). Absolute IMT measurements for CA were not significantly different in controls compared with SCI (0.61 Ϯ 0.14 vs. 0.59 Ϯ 0.15 mm, P ϭ 0.60) or for normalized IMT (0.083 Ϯ 0.02 vs. 0.081 Ϯ 0.02 mm/mm lumen diameter, P ϭ 0.37). Similarly, CA diameter measurements were not different for controls compared with SCI (7.34 Ϯ 0.67 vs. 7.23 Ϯ 0.65 mm, P ϭ 0.19). There was, however, a significant effect of activity level with a smaller CA-IMT (0.57 Ϯ 0.14 vs. 0.62 Ϯ 0.14 mm, P Ͻ 0.02) and a smaller normalized CA-IMT (0.079 Ϯ 0.02 vs. 0.085 Ϯ 0.02, P Ͻ 0.05) in active subjects compared Values are means Ϯ SD. Multiracial subjects were able to claim more than one racial identity. with sedentary subjects. When the activity level by group was compared, there were no significant differences for absolute or normalized CA-IMT. In the CA, IMT was significantly correlated with diameter in controls (r ϭ 0.33, P Ͻ 0.01).
SFA-IMT measurements are summarized in Table 6 . SCI and control groups had similar absolute IMT measurements for the SFA (0.49 Ϯ 0.12 vs. 0.50 Ϯ 0.11 mm, P ϭ 0.68), and when normalized to arterial lumen diameter, the SCI group IMT was significantly larger compared with controls (0.094 Ϯ 0.03 vs. 0.073 Ϯ 0.02 mm/mm lumen diameter, P Ͻ 0.01). Interestingly, the normalized SFA-IMT was not associated with number of years postinjury (r ϭ Ϫ0.04, P ϭ 0.67). The SFA diameters were smaller in SCI compared with controls (5.38 Ϯ 0.94 vs. 6.89 Ϯ 1.04 mm, P Ͻ 0.001). Additionally, SFA-IMT was significantly correlated with diameter of control subjects (r ϭ 0.19, P ϭ 0.02). When absolute IMT based on activity grouping was compared, the IMT in SFA of active compared with sedentary subjects was smaller (0.47 Ϯ 0.11 vs. 0.51 Ϯ 0.12 mm, P Ͻ 0.01). Post hoc analysis revealed that this effect was primarily located within the difference between SCI-A and SCI-S for SFA (0.46 Ϯ 0.12 vs. 0.53 Ϯ 0.17 mm, P Ͻ 0.02). Furthermore, these differences are amplified in the normalized IMT measurements of SFA-IMT with greater IMT in SCI compared with controls (0.094 Ϯ 0.03 vs. 0.074 Ϯ 0.02 mm/mm lumen diameter, P Ͻ 0.01). SCI-S had the largest normalized IMT (0.102 Ϯ 0.04 mm/mm lumen diameter), followed by SCI-A (0.086 Ϯ 0.02 mm/mm lumen diameter), ABC-S (0.077 Ϯ 0.02 mm/mm lumen diameter), and smallest normalized IMT in ABC-A (0.069 Ϯ 0.02). Differences were significant (P Ͻ 0.01) in ABC-A versus SCI-A, SCI-A versus SCI-S, ABC-S versus SCI-S, and ABC-A versus SCI-S. The larger normalized IMT in the ABC-S versus ABC-A was not significantly different (P ϭ 0.07).
PA-IMT measurements are summarized in Table 6 . Consistent with those of the SFA, PA absolute IMT measurements were similar between SCI and control groups (0.60 Ϯ 0.18 vs. 0.60 Ϯ 0.14 mm, P ϭ 0.84). The diameters of the PA were smaller in SCI compared with controls (5.20 Ϯ 0.91 vs. 6.71 Ϯ 1.15 mm, P Ͻ 0.01). When arterial lumen diameter was normalized, the SCI group IMT was significantly larger compared with controls (0.117 Ϯ 0.04 vs. 0.091 Ϯ 0.02 mm/mm lumen diameter, P Ͻ 0.01). In SCI, there was a trend for greater normalized PA-IMT with longer injury duration (r ϭ 0.16, P ϭ 0.06). Additionally, there was no effect of physical activity for the absolute IMT of the PA. Similar to the SFA normalized IMT, the larger IMT in ABC-S compared with ABC-A was not significant (0.095 Ϯ 0.02 vs. 0.087 Ϯ 0.02 mm/mm lumen diameter, P ϭ 0.44). ABC-A-normalized PA-IMT and ABC-S-normalized PA-IMT were smaller than in both SCI groups (P Ͻ 0.01), although both SCI groups were similar (P ϭ 0.97). PA-IMT was significantly correlated with diameter for controls (r ϭ 0.40, P Ͻ 0.01).
DISCUSSION
The elevated CVD risk factors and reduced physical activity of the legs in SCI suggest that the burden of PAD may be higher in these individuals compared with able-bodied controls. Therefore, the objective of this study was to determine whether persons with spinal cord injury had worsened clinical measures for PAD when assessed by the ABI and IMT. Additionally, we sought to determine whether exercise would improve the occurrence of PAD as assessed by these measures. The primary new findings of this study are as follows: 1) the ABI is lower in SCI compared with controls, potentially indicating a greater prevalence of lower extremity PAD occurring in chronic SCI; 2) the normalized IMT of SFA and PA in SCI is larger than control populations, indicating the possibility for greater atherosclerotic disease; 3) able-bodied individuals who performed chronic physical activity had improvements in ABI, but these benefits of greater physical activity did not remain in the ABI of SCI groups; and 4) chronic exercise benefits the SFA-IMT in SCI but does not appear to protect the PA: this is in contrast to the improved PA-IMT in ABC-A. To our knowledge, this is the first study to document a greater subclinical prevalence of lower extremity PAD for SCI.
Spinal cord injury effects. As previously stated, the ABI is a clinical measure for diagnosing lower-extremity PAD that has been validated in SCI. In the current investigation ABI was lower in SCI compared with ABC by 0.10. These results provide evidence for a greater burden of lower-extremity PAD in SCI than ambulatory populations. This is highlighted by the fact that 29 SCI, or 27.6% of SCI, in this study had ABI measurements below the clinically accepted threshold of 0.90, whereas only two control individuals, or 1.3%, met this threshold. However, others have suggested that using the higher pressure method for determining ABI that we used may underestimate the incidence of PAD compared with using the lower ankle systolic pressure for ABI calculation (20) . Using the lower pressure from the two different tibialis arteries (ABI-L) method, we determined that the mean ABI-L was below (0.89 Ϯ 0.13) the well-accepted clinical threshold of 0.90, and therefore this method may be valuable to clinicians wishing to screen their patients for PAD. Additionally, in active versus sedentary controls, we detected a significantly higher ABI-L (1.04 Ϯ 0.07 vs. 0.99 Ϯ 0.07, P ϭ 0.02) but no differences in ABI-L in active or sedentary SCI (0.89 Ϯ 0.13 vs. 0.90 Ϯ 0.13, P ϭ 0.90). To our knowledge, the only study to report ABI in SCI was performed in a small spinal cord- Values are means Ϯ SD. *P Ͻ 0.01, significant difference between control and SCI group values; †P Ͻ 0.01, significant difference between control and both SCI activity group values;. ‡P Ͻ 0.01, significant difference between sedentary controls and sedentary SCI; §P Ͻ 0.05, significant difference between active SCI and sedentary SCI; a P Ͻ 0.01, significant difference between active SCI and sedentary SCI. injured population (n ϭ 15) that was free of overt CVD risk factors (10) . To get a cross-sectional sampling of the spinal cord-injured population, our study did not exclude individuals on the basis of CVD risk profiles. Our higher pressure method yielded a mean ABI that was lower by 0.19 than that reported in SCI free of CVD risk factors. In the previously mentioned study, a negative association has been reported between ABI and greater number of years postinjury (10) . Therefore, the greater average duration postinjury in the current study compared with the previous (19.3 Ϯ 8.9 vs. 7.0 yr) may account for a portion of the lower ABI measurements in our SCI. This is consistent with our current finding that injury duration was correlated with reduced ABI in our SCI. It is possible with the clustering of risk factors occurring in SCI that these inclusion criteria could increase the likelihood of measuring a reduced ABI. This increased CVD risk would be the natural consequence of SCI in our population and therefore more accurately depict the prevalence of lowerextremity PAD.
As expected, the upper-body artery IMT measurements were not significantly different between groups. This is similar to results demonstrating no difference in CA-IMT between physically active SCI and age-matched controls. (14) Our absolute CA-IMT measurements for all SCI were slightly larger than those previously reported in 28 wheelchair athletes, ϳ0.10 mm, but were 0.15 mm smaller than those reported for 34 SCI, including injuries causing paraplegia and tetraplegia (18) . Interestingly, the normalized IMT in the BA was smaller in our SCI group. This small benefit may have appeared due to a larger BA diameter in this group, and the outward remodeling of this artery lumen is most likely a consequence of manual wheelchair usage and the repetitive activity of the arms in the majority of our subject population. Unfortunately, we did not collect data on manual versus power wheelchair use and cannot fully explore the differences seen in the BA. This activityspecific adaptation, however, is consistent with the report that the BA of the preferred arm in racquet sports players is significantly larger than the BA of the nonpreferred arm (27) .
The lower extremity arteries were not different between groups when considering the absolute IMT. These IMTs are similar to previous reports of common femoral artery IMTs not differing between paraplegic, sedentary, and athletic individuals (29) . As previously suggested, the paradox of these similar lower-extremity IMT measurement lies in the fact that arteries below the level of injury have a reduced diameter and therefore should have a reduced wall thickness in accordance with Laplace's Law (29) . Herein lies a major tenant of this investigation in that artery diameter is related to the absolute IMT. In our able-bodied control individuals, correlations between artery diameter and IMT were significant. This suggests that diameter is responsible for a portion of the variance in the measurement and that other factors related to group conditions, such as greater atherosclerotic disease, explain most of the remaining variance. Indeed, in lower-extremity arteries, when normalized IMT are compared, SCI show greater thickening of the arterial intima-media. The artery diameter in the lower extremities is reduced to nearly half its original size within weeks of the injury (7) . This suggests that a greater proportion of lumen is occupied by the IMT in SCI after the reductions in internal diameter occur. In our study, because of subject inclusion of at least 5 years postinjury, it is unclear whether the media fails to remodel to meet the reductions in internal diameter or whether thickening is occurring because of atherosclerotic processes in the intima. Although there was a trend in the PA, injury duration in our study was not significantly correlated to greater normalized IMT, and therefore these measurements should be investigated during the time of arterial remodeling immediately after the spinal cord injury has occurred to determine the role of remodeling on these measures. Regardless of the underlying causes, the normalized IMT in the lower extremity arteries of our SCI, particularly in the PA, mirrors the pattern of PAD determined by the ABI.
Exercise effects. In control subjects who were chronic exercisers, both ABI methods yielded significantly higher indexes compared with those in sedentary controls. This pattern did not persist with the SCI. It is likely that exercise cannot ameliorate the causes of worsened ABI in the lower-extremity arteries of SCI. The effects of activity grouping were interesting when comparing the normalized IMT of the lower-body arteries. Similar to the ABI, the normalized PA-IMT had the best outcome in the ABC-A group, followed by the ABC-S. The normalized PA-IMT was not different when comparing active versus sedentary SCI. The current data do suggest that upperbody exercise is a strong enough stimulus for improved arterial structure in some arteries of SCI. In our SCI-A, both absolute and normalized SFA-IMT were smaller than sedentary SCI. These data suggest that the increased blood flow and shear reported during upper-body exercise (34, 36, 37) may confer some benefit in the SFA. The shear stimulus in the PA during upper-body wheelchair exercise is currently not known. It is possible that the distal location of this artery along with the position of this limb during physical activity may alter this hemodynamic pattern so that the benefit seen in SFA is not apparent in PA.
Limitations. There are several limitations to this study that may limit our ability to generalize these results to all populations of SCI. Blood analysis for lipids was not performed in this study. We requested that blood lipids profiles obtained by the subject's physician within 12 months of the study date be reported, but subject participation was low (n ϭ 41). We cannot rule out that differences in total, low-density lipoprotein, high-density lipoprotein, and triglyceride components, which have been reported to be altered in the spinal cord injury literature (1, 2, 28) , may be driving the differences between our groups. However, we did not find differences between groups in CA-IMT measurements as would likely be the effect of elevated blood lipids circulating systemically. Additionally, subjects were categorized into active and sedentary groups based on self-reported minutes of endurance training activity. Although a parity of upper-body to lower-body exercise routines for atheroprotection is unlikely, recent reports for a wheelchair team sports participation has shown that individuals in these programs exercised at intensities that are within appropriate ranges for improving cardiorespiratory fitness (3). Furthermore, race differences existed between groups in our study. In particular, SCI-S was represented by a larger percentage of African-American individuals compared with the three other groups, including the SCI-S. Disability literature reflects greater rates of physical inactivity in mobility-limited minorities than able-bodied minorities, mobility-limited nonminorities, or able-bodied nonminorities (15) . These differences, however, did not result in large differences in ABI or IMT between Caucasian and African-American individuals in this sample (Fig. 1, A-C) . The lack of finding statistical differences in the African-American ABI and IMT measurements appears to be sample size related since patterns are quite similar. Additionally, greater smoking behavior was reported by our SCI with the greatest differences between active control and SCI groups. Greater smoking behavior has been reported in individuals with orthopedic disabilities (4) and American male veterans with spinal cord injuries ages 25 to 44 (30) , but to our knowledge, there are no data that support the incidence of greater smoking behavior in physically active SCI compared with the general population. Also, with 50.4% of SCI in this study having injury levels above the splanchnic innervation, we cannot rule out the possibility that autonomic dysreflexia (AD), a reflexively activated large increase in systemic blood pressure, may have played a role in our results. AD is often triggered when SCI have pressure sores or experience other painful stimuli inferior to their injury level. Only 7.6% of our SCI reported current pressure sores with only one-third of those reporting pressure sores having injuries where they would be likely to experience AD. Therefore, we feel that it is unlikely that AD played a significant role in our results.
Clinical relevance. Greater rates of PAD are associated with an increased risk of future heart attack (4ϫ) and stroke (3ϫ) in able-bodied individuals (6) . If these risk associations hold true for SCI, the elevated mortality rates in SCI (22) may partially be explained by the normalized IMT in their lower extremity arteries. Additionally, with many SCI being insensate in the lower extremities, typical symptoms for PAD are not detectable by the individual. Therefore, these data indicate that physicians who treat SCI should consider using the ABI for regular PAD screening in this population. The diagnosis and subsequent treatment of early stage, lower-extremity PAD would in turn have a direct positive impact on a spinal cord-injured individual's quality of life and health care costs associated with this disease. For instance, skin blood flow is reduced in the lower extremities of SCI and may be related to the development of pressure ulcerations (8) . One can then speculate that PAD in the lower extremities of SCI may be related to the development of or increased healing time for skin breakdown lesions and that PAD identification may aid physicians in determining appropriate treatment.
Summary. Results from this investigation suggest that elevated CVD risk for SCI includes a greater incidence of lowerextremity PAD. Measurements of ABI were worsened for persons with spinal cord injuries and were different for physically active SCI. This corresponds with a greater normalized IMT for SCI in the PA and SFA with evidence of improved normalized IMT in the SFA of active compared with sedentary SCI.
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